BACKGROUND & AIMS-The hepatitis C virus (HCV) serine protease NS3/4A can cleave mitochondria-associated, anti-viral signaling protein (MAVS) and block retinoic acid-inducible gene I-mediated interferon (IFN) responses. Although this mechanism is thought to have an important role in HCV-mediated innate immunosuppression, its significance in viral persistence is not clear.
The mechanism of HCV persistence is complex and has often been linked to its ability to thwart the host immune response. 4 Molecular studies have revealed several levels of host immune modulation by HCV. 5 In one such mechanism, the HCV NS3/4A serine protease has been shown to interfere with the innate immune signaling pathways, through the specific cleavage of the adaptor proteins MAVS and TRIF. 4 A signaling blockade imposed by this mechanism has been suggested to limit the level and diversity of IFN-stimulated gene (ISG) expression, leading to significant attenuation of host immunity. [5] [6] [7] [8] While the role of NS3/4A-mediated MAVS cleavage in HCV-mediated innate immune suppression has been largely substantiated in vitro and in vivo, 9, 10 its significance in the clinical course of the disease remains unclear. TLR3 is upregulated during the ISG response in HCV-infected cells, and cleavage of TRIF has been demonstrated in vitro. 4 However, the issue of how virus-derived dsRNA encounters TLR3, which is present on the cell surface or in intracellular endosomes, remains unresolved. In this context the cellular autophagy machinery has been suggested to play a role in delivering viral genetic material to endosomal TLRs. 11 Autophagy is a cellular degradation pathway by which cytoplasmic constituents, including organelles, are directed to the lysosome. While autophagic pathways can regulate viral replication by influencing the anti-viral responses, many viruses have evolved to evade, subvert or exploit this innate response. 12 HCV requires the autophagy machinery to initiate its replication. 13 It induces an incomplete autophagic process at the surface of the ER and uses it as a membranous scaffold for RNA replication. 14 Alternatively, the Atg5-Atg12 conjugate, a key regulator of autophagy, negatively regulates the type I IFN signaling by direct association with RIG-I and MAVS. 15 Yet, it is not known if these two virus-related autophagic responses traverse.
HCV is seen to persist in infected patients, despite potent IFN induction and ISG expression. 9, 10 Currently, the standard therapy with pegylated IFN-α and ribavirin is far from optimal; the sustained virological response is less than 50% among patients with genotype 1 HCV infection. 4 However, high pre-treatment ISG levels in hepatitis C patients are more frequently associated with non-responsiveness to the IFN-α-based therapy, 16, 17 which is rather perplexing, as an active IFN system is expected to potentiate the IFN-α treatment. To date, an understanding of the correlation between MAVS cleavage and innate immune response, as well as the IFN treatment outcome, has been largely impeded by the absence of robust small animal models suitable to address these issues in vivo.
To specifically delineate the role of the HCV NS3/4A-mediated innate immunocompromise in viral infection, we generated a novel transgenic mouse with hepatocyte-specific expression of NS3/4A proteins, and demonstrated that cleavage of MAVS by the HCV NS3/4A protease by itself does not impose an overwhelming blockade of the type I IFN response in the liver. Our results further show, for the first time, a differential effect of IFN-α and -β on HCV proteins in vivo due to the disparate upregulation of autophagic proteolysis and suggest an essential role of MAVS in the delivery of viral RNA to the endosomal compartments.
MATERIALS AND METHODS

Mice
Inducible NS3/4A transgenic mice were generated on the C57BL/6 × C3H background as detailed in Supplementary Materials and Methods and bred with Alb-Cre mice 18 to generate mice with liver-specific, constitutive expression of HCV NS3/4A proteins. Double transgenic (NS3/4A × Alb-Cre) mice were euthanized around 6-8 weeks of age, and liver, spleen and lung tissues analyzed for constitutive expression of the NS3/4A transgene by western blot and immunohistochemistry. To determine the time-course induction of transgene expression in the NS3/4A single transgenic mice, a pCMVCre plasmid 19 was hydrodynamically injected through the tail vein, and livers were harvested for western blot at 2-day intervals up to day 12. Mice were euthanized by CO 2 asphyxiation. All experiments described were performed on 6-to 12-week-old animals, and control and transgenic groups were age-and sex-matched. All animal care and experimentation were performed according to the National Institute of Health Guidelines and with the approval of the Institutional Animal Care and Use Committee.
Challenge Studies
Double transgenic and littermate control mice were challenged with various inducers of type I IFN response, including a recombinant vesicular stomatitis virus, VSV-RFP (Indiana strain) (10 7 pfu); HCV genotype 1b genome complexed with a lipid-based in vivo transfection reagent (Altogen) (100 μg); poly(I:C) (Invivogen) (100 μg); poly(I:C)/LyoVec (Invivogen) (50 μg), a replication-deficient Adenovirus (AdLacZ, 2 × 10 9 pfu, ViraQuest); IFN-α (HyCult) (1,000 IU); and IFN-β (PBL InterferonSource) (10,000 IU). All challenge agents, except for the HCV genome, were delivered i.v. through the tail vein. The HCV genome was diluted in 5% glucose and hydrodynamically delivered. Mice were euthanized at 5 or 8 hours post-challenge, and the blood and livers were collected for analysis.
Statistical Analysis
For statistical analyses, the 2-tailed student t test was used. Analysis of variance was performed by using ANOVA. P values < 0.05 were considered significant. P values > 0.05 were considered not significant.
Additional Methods
Procedures described in Supplementary Materials and Methods include those for VSV passage and titration; in vitro transcription of HCV genome; qRT-PCR for relative quantitation of IFN-β and ISG56 mRNA levels and transgene transcription analysis; qPCR for AdLacZ copy numbers; immunostaining and fluorescent microscopy; western blot; ELISA; immunoprecipitation; and isolation of cellular vesicles.
RESULTS
Characterization of Transgenic Mice
To delineate the effect of HCV NS3/4A on the innate immune responses, we generated Cre/ loxP-inducible, NS3/4A transgenic mice by using the pLIVE-NS3/4A liver-specific construct (Fig. 1A) . To render the mice capable of expressing NS3/4A constitutively, we bred the transgenic founders with an ALB-Cre partner that has liver-specific expression of Cre-recombinase. 18 Double transgenic mice (NS3/4A × Alb-Cre) from 6 founder lines were analyzed for transgene expression. Of the 6 lines screened, only one line showed detectable transgene expression (Fig. 1B-1D ). Both the NS3/4A fusion protein and the cleaved NS3 (the major species) were detected in western blots (Fig. 1B) . Cleavage of the NS3/4A junction indicated that the NS3 serine protease was functionally active. NS3 expression was further confirmed by immunoprecipitation in the double transgenic livers (Fig. 1C) . Immunohistochemical analyses demonstrated the perinuclear distribution of NS3 (Fig. 1D) , consistent with its ER-centric subcellular localization 20 in 88.8 % (± 2.4 % SD) of the hepatocytes, although the levels of expression varied among cells. However, we were unable to study NS3 by immunofluorescence in greater detail due to the high background and autofluorescence of the liver tissues.
Since HCV NS3/4A serine protease is known to cleave murine MAVS, 6, 8, 21 we examined the NS3/4A-expressing mouse livers for MAVS cleavage. Indeed, both intact and cleaved MAVS (80% and 73% cleaved) were detected by western blotting in the double transgenic livers, but only intact MAVS was present in the control ones (Fig. 1E ). Immunofluorescent staining with an antibody against intact MAVS showed that MAVS was detectable in the cytosol of most hepatocytes and co-localized with the mitochondrial marker COX-I in the livers of the control mice (Fig. 1F) . However, in the livers of double transgenic mice, the intact MAVS was only detectable in 21.2 % (± 4.9 % SD) of the hepatocytes. In addition, the liver-specificity and Cre-mediated inducibility of NS3/4A in these mice make this animal model versatile for a variety of experimental settings ( Supplementary Fig. 1 ).
Antiviral Responses in the NS3/4A-Expressing Mice
Cleavage of MAVS by the NS3/4A protease has been suggested as a pivotal mechanism by which HCV blunts the IFN response mediated through the RIG-I signaling pathway. 6, 8 We, therefore, tested the NS3/4A transgenic mouse's ability to fend off an RNA virus infection. By using a recombinant VSV (10 7 pfu), known to elicit a rapid type I IFN response through RIG-I, we challenged the double transgenic and littermate control mice and euthanized them at 5 hours post-injection. Surprisingly, IFN-β gene expression and the downstream ISG response were induced at a comparable level in both double transgenic and control mice ( Fig. 2A , B and D). Both groups of animals cleared the virus promptly (Fig. 2C ). In comparison, IFNR −/− and MAVS −/− mice showed a severe compromise in their antiviral response, as evidenced by their viral presence at 5 hours post-challenge. Earlier, it was suggested that plasmacytoid dendritic cells in MAVS −/− mice can produce IFN-α through the TLR7 pathway independent of RIG-I activation. 21, 22 This mechanism may be responsible for the reduced VSV titers despite the absence of a notable IFN-β response in the MAVS −/− livers ( Fig. 2A and C) . 5 The 3′ untranslated region (UTR) of the HCV genome contains the HCV-specific, pathogenassociated molecular pattern substrate of RIG-I. 23 To further define the role of NS3/4A in antiviral host defense, we hydrodynamically delivered HCV genomic RNA to the double transgenic mice and littermate controls. The HCV RNA challenge resulted in a potent induction of IFN-β and ISG responses ( Fig. 3A-C ) in the transgene-expressing mice, which were not significantly lower than those in the controls. Surprisingly, we found that the NS3 protein became undetectable after the HCV RNA challenge (Fig. 3C ). To test whether the observed sequestration of NS3 was linked to activation of the RIG-I signaling pathway in the double transgenic mice, we challenged the animals with several additional RIG-Iindependent (AdLacZ and polyI:C) and -dependent (polyI:C/LyoVec) IFN inducers. Following the i.v. injections, both groups of animals exhibited comparable IFN responses, and the NS3 protein became undetectable in the double transgenic mice ( Supplementary  Figs. 2-4) .
Differential Effect of IFN-α and -β on NS3
To ascertain if the NS3 sequestration following the HCV genome challenge was caused by the type I IFN response, we injected double transgenic and control mice with recombinant IFNs. IFN-α injection elicited a marked ISG response, but limited IFN-β induction, in both groups of mice (Fig. 4A-C) . Interestingly, the NS3 protein was detectable in the double transgenic mice from both the IFN-α-treated and untreated group (Fig. 4C) . We subsequently challenged double transgenic mice with HCV RNA plus IFN-α by hydrodynamic injection and found that the NS3 persisted despite the presence of HCV RNA (Fig. 4F) , indicating that IFN-α prevented the NS3-suppressive effect of HCV RNA. Moreover, these mice showed a lower induction of IFN-β (Fig. 4D) , as compared to those challenged with HCV RNA alone (Fig. 3A) . To determine whether the repression of the NS3 protein following HCV RNA challenge was due to a higher relative IFN-β response, we injected NS3-expressing and non-expressing mice with recombinant IFN-β. IFN-β elicited a substantial ISG response in both groups of mice ( Fig. 5B and C ) and the repression of the NS3 protein in the double transgenic mice (Fig. 5C ). We then examined the association between the relative ratios of induced IFN-α to IFN-β and NS3 repression in vivo by analyzing the serum levels of IFN-α and -β by ELISA. A significant correlation was found between a relatively strong induction of IFN-β and intrahepatic repression of the HCV protease, regardless of challenging agents ( Fig. 6A and Supplementary Table 1) . We further confirmed the absence of detectable NS3 protein in these mice by immunoprecipitation and immunohistochemistry (data not shown).
IFN-β-Mediated Degradation of NS3
To examine whether the suppression of NS3 was due to regulation of the transgene expression, we first tested the levels of NS3 mRNA in the double transgenic mouse livers with qRT-PCR following challenge with IFN-α and -β, but found no significant alterations in the transcript levels ( Supplementary Fig. 5A ). Since NS3/4A has a half-life of approximately 26 hours in cell culture, 20 we reasoned that the repression of NS3 was not due to a block of de novo protein synthesis, but rather to its rapid degradation. Type I IFN can stimulate the generation of immunoproteasomes in chimpanzee livers as early as 2 weeks following HCV infection. 24 To test whether NS3 degradation in our double transgenic mice resulted from an accelerated protein turnover through this immunoproteasomal pathway, we injected the double transgenic mice i.v. with a proteasomal inhibitor, bortezomib (1 mg/kg), 25 1 hour before IFN-β challenge. Western blot analyses demonstrated no detectable NS3, even in the presence of proteasomal blockade ( Supplementary Fig. 5B ), thereby ruling out the possibility of immunoproteasome-mediated NS3 degradation. We further showed that there was no differential induction of ISG15 by IFN-α and -β by western blot, and thus excluded the possible involvement of ISGylation in this NS3 repression (Supplementary Fig. 5C ).
The sequestration of subcellular components such as ER and mitochondria for autophagic degradation in hepatocytes has been well documented. 26 Since HCV NS3/4A co-localizes with these organelles, we examined LC3B, a functional reporter of autophagy, in the liver lysates of the IFN-challenged mice. LC3B is cleaved at its C terminus to form LC3B-I.
Upon induction of autophagy, LC3B-I is covalently conjugated to phosphatidylethanolamine to form LC3B-II. LC3B-II is localized on both the luminal and cytosolic surfaces of autophagosomes. While the LC3B-II on the luminal surface is degraded in the autolysosome, that on the cytosolic surface is delipidated and recycled. 27 Western blot analysis showed that IFN-α challenge resulted in increased LC3B-II levels in the double transgenic mice (Fig. 6B) , a finding which suggests the accumulation of LC3B-II and upregulation of autophagy. On the other hand, IFN-β challenge resulted in a decrease in both LC3B-I and -II levels (Fig. 6B) . As the accelerated degradation of the luminal LC3B-II would result in an overall deficit of the cellular LC3B pool, the reduced LC3B-I and -II levels were indicative of an upregulation of autophagy, as well as an enhanced autolysosomal proteolysis. A differential induction of autophagy by IFN-α and -β pointed to the possible involvement of this mechanism in the degradation of NS3.
To ascertain if the enhancement of autophagic proteolysis by IFN-β was indeed responsible for the repression of NS3, we injected mice i.p. with the autophagolysosome inhibitor chloroquine (0.08 mg/kg) 1 hour prior to IFN-β challenge. Chloroquine inhibits lysosomal degradation of autophagosomes by raising lysosomal pH to suppress the activity of lysosomal acid hydrolases. 28 As expected, the blockage of autophagic proteolysis prevented the IFN-β-elicited repression of NS3 in the double transgenic liver tissues (Fig. 6C) . Collectively, these results suggested that an accelerated autophagic proteolysis triggered by an IFN-β response resulted in the rapid degradation of NS3. To verify that the IFN-β-mediated degradation of NS3 was not due to its ectopic expression, we examined the cytosolic protein, Cre, in IFN-α-and -β-treated, double transgenic liver tissues by western blot. Interestingly, the Cre protein was consistently detectable in these livers following IFN-β challenge (Fig. 6B) . In contrast, when an HCV structural transgenic mouse line (SL-139) 29 was challenged with either HCV RNA or IFN-β, HCV core protein was repressed (Fig. 6D) . These results indicated that only ER and/or mitochondria-associated proteins were targeted by the IFN-induced autophagic pathways in mouse liver.
Differential sequestration of NS3 by type I IFNs
Though IFN-β could induce degradation of NS3 through the upregulation of autophagy, it was still not known whether this mechanism involved the direct degradation of the viral proteins in autolysosomes or the removal of an essential host-derived stabilization factor. To address this issue, we isolated the vesicular organelles from chloroquine pre-injected normal livers, as well as from IFN-α-and β-challenged, double transgenic livers by iodixanol density gradient centrifugation. Every alternate fraction of the gradient was analyzed by western blotting for NS3, the late-endosome/lysosome marker LAMP1, the ER marker calnexin and MAVS (Fig. 7A) . While all proteins analyzed lined up in similar fractions in individual livers, they were present in relatively heavier fractions in the case of normal and IFN-β-treated livers as compared to those from IFN-α-treated livers. This suggested a differential sequestration of NS3 by the two type I IFNs. To confirm the autophagic sequestration of NS3, we isolated the autophagosomes from the NS3-positive fractions by immunoprecipitation with an anti-LC3 antibody. Immunoblot analyses revealed that NS3 was indeed sequestered in autophagosomes and that both type I IFNs upregulated the autophagic sequestration of NS3 (Fig. 7B) . To determine autophagosome-lysosome fusion, we first immunoprecipitated the NS3-positive fractions with an antibody against the GTPase Rab7, followed by immunoprecipitation with anti-LAMP1 (Fig. 7C) . Since LAMP1 is common to late-endosomes and lysosomes, the Rab7 pre-cleanup was carried out to exclude the late-endosome and/or amphisomes (fused autophagosomes and endosomes) from these fractions. This sequential pull-down revealed that only the IFN-β-induced autophagosomes were being directed to the lysosome for degradation. More importantly, the presence of IFN-α-induced vesicles in relatively lighter fractions suggests that these vesicles could be trafficked away from the lysosomes, as lysosomal vesicles are known to behave as dense organelles following ultracentrifugation on a variety of density gradients. 30 
Role of MAVS in type I IFN-induced autophagic response
Interestingly, different isoforms of MAVS were detected in the NS3-positive vesicular fractions from IFN-α-and -β-challenged livers (Fig. 7A) . While only the lower molecular weight isoform of MAVS was seen in the fractions from an IFN-β-treated liver, the NS3-positive fractions from the IFN-α-treated livers showed the presence of only the higher molecular weight isoform of MAVS. No MAVS was detected in the absence of IFNs. To examine the role of MAVS in the IFN-induced autophagic response, we analyzed the LC3B in MAVS −/− livers post-challenge with HCV RNA and IFN-β. HCV RNA induced the accumulation of LC3B-II, suggesting the upregulation of autophagy. On the other hand, IFN-β challenge did not cause any change in the level of cellular autophagy in the absence of MAVS (Fig. 7D) . As HCV RNA is known to induce incomplete autophagy at the surface of the ER, 14 these results indicate that the type I IFNs induce an independent autophagic response at the surface of the mitochondria, which involves different isoforms of MAVS. Additionally, the IFN-induced autophagic response steers the cellular autophagosomes (including those induced by viral RNA) towards the endosomal compartments (Fig. 7C) . Thus, these results implicate a possible role of MAVS in delivering viral components to TLR3-containing endosomes, which possibly results in a second wave of TLR3-mediated IFN-β response. Since the murine homologue of TRIF lacks the HCV NS3/4A cleavage site, 7 a second wave of TLR3 signaling would explain the absence of significant compromise of the IFN-β response in the double transgenic mice upon viral RNA challenge, in spite of NS3-4A-mediated MAVS cleavage.
DISCUSSION
Through co-evolution with its host, HCV has developed several strategies to escape from the host's immune system. 4, 5 Convincing evidence has demonstrated that HCV NS3/4A serine protease can cleave the RIG-I signaling adaptor MAVS and compromise type I IFN and ISG responses in virus-infected cells. 6, 8, 10, 21, 22 However, the precise role of this mechanism in intra-hepatic immune regulation remains unclear. In this study, we generated a transgenic mouse with liver-specific expression of the HCV NS3/4A and used this model to examine the effect of the viral protease on antiviral responses in vivo. We found no evidence of patent immunosuppression or a delay of viral clearance despite NS3/4A-mediated MAVS cleavage in a considerable cell population in the liver (Fig. 1) . The absence of demonstrable immunosuppression cannot be attributed to the lack of a need for effective innate immune responses to clear VSV, since the virus persisted in the livers of MAVS −/− mice at 5 hours post-infection (Fig. 2) . More interestingly, IFNR −/− animals that produced high levels of IFN-β without detectable ISG responses also failed to clear VSV (Fig. 2) . These data demonstrated that an initial IFN-β induction is insufficient to clear VSV, as IFN-β effector functions are entirely dependent on the autocrine/paracrine positive feedback loop.
Estimates of the proportion of infected hepatocytes vary widely in hepatitis C patients, ranging from less than 10% to almost 50%. 31 The intrahepatic distribution of HCV RNA was seen to be focal and correlated with the IFN-β induction. 32 However, due to involvement of the IFN-positive feedback loop in the neighboring and non-parenchymal cells, ISG induction has often been seen across the liver. 9, 32, 33 During the course of this study, we observed that the NS3/4A-expressing mice, when challenged, showed a robust ISG induction, which was not necessarily proportional to their relative IFN-β induction (Figs. 2-5) . Therefore, the activation of the IFN-positive feedback pathway could partially compensate for NS3-mediated MAVS cleavage in the livers of these animals. These data are consistent with the observation that HCV infection results in various levels of nuclear translocation of IRF-3 and a heightened antiviral state in immortalized human hepatocytes. 34 In patients, MAVS cleavage and suppression of IFN response in the infected cells do not seem to correlate with the ability of the virus to establish chronic infection. 17 Although IFN-α and -β share many physicochemical and pharmacological properties, they differ in their regulation and biological effects during viral infections. 35, 36 IFN-β is induced mainly through immediate early kinetics by activation of the constitutively expressed IRF-3 protein. On the other hand, most members of the IFN-α family are induced via IRF-7 and upregulated through the IFN-positive feedback loop. 5 Thus, potent expression of IFN-α occurs only after the primary induction of IFN-β in virus-infected cells, and the immunomodulatory activities of IFN-β are dependent on its upregulation of IFN-α, pointing to a synergistic effect of the two. In this study, we found that the two type I IFNs mediate a disparate sequestration and trafficking of ER and/or mitochondria-associated viral proteins through an autophagic mechanism in vivo. Interestingly, while IFN-β favored autolysomal degradation of the sequestered proteins, IFN-α steered (Fig. 4F ) the vesicular compartments away from the lysosomes. More importantly, the two isoforms of MAVS may play a role in these differential type I IFN-induced autophagic responses. This mechanism could be highly relevant in HCV infection, as the virus life cycle is closely associated with these organelles and involves vesicular compartmentalization of viral components. 37 Collectively, the current data support the view that a balance between the IFN-α and -β levels is crucial for efficient anti-HCV host defense, as these two IFNs can play distinctive roles in virus clearance. Interestingly, in a study involving 5 chimpanzees infected with HCV, 3 spontaneous resolvers all mounted robust IFN-α and -β responses in the liver up to 28 weeks postinfection. 24 Owing to the levels and percentages of NS3 expression in the hepatocytes of our double transgenic mice, some MAVS molecules perhaps were not cleaved in the liver (Fig. 1) . Earlier, MAVS has been shown to interact with the signaling molecules, TRIF and TRAF6, and these interactions are critical for TLR3-mediated type I IFN and NFκB signaling. 39 It has also been suggested that while TLR3 plays an important role in systemic responses to RNA viral infection, the first wave of type I IFN production through cell-autonomous recognition of viral infection is driven by the RIG-I-MAVS pathway. 22, 38 Due to the absence of an HCV-permissive cell line containing a functional TLR3-dependent pathway, it has been difficult to evaluate the role of TLR3 in restricting HCV infection. Our results lead us to suggest that the IFN-induced autophagy can facilitate the trafficking of viral components to the endosomal compartments. This mechanism may allow for a TLR3-mediated IFN-β response. Since mouse TRIF is not susceptible to HCV NS3/4A cleavage, 7 this TLR3 signaling would explain the absence of a significant compromise of the IFN-β response in the double transgenic mice upon viral RNA challenge, despite the efficient cleavage of MAVS. On the other hand, in the case of human cells, the simultaneous cleavage of MAVS and TRIF by the HCV protease is likely to modulate at least the IFN-β level within the virus infected cell, if not the global ISG response in the liver. This is likely to result in a specific compromise of the anti-HCV host defense as the cellular PRRs have access to HCV RNA only within the milieu of the infected cell. Conversely, in a case like the hepatitis A virus, which can also mediate both MAVS and TRIF cleavages, 4 the viral RNA released at the time of an infectious burst can engage TLR3 on the surface of uninfected cells in the tissue leading to activation of the IFN-β signaling response. Since the type I IFN-mediated autophagic responses may be altered in hepatoma cell lines, 36 investigation of HCV replication in physiologic host cells is required to understand the impact of these phenomena in the course of HCV infection.
In summary, by using our HCV NS3/4A transgenic mouse model, we have demonstrated that MAVS cleavage alone does not compromise global antiviral response in the liver and that MAVS plays a role in type I IFN-mediated autophagic responses. More importantly, our data bring to light a unique IFN-β-mediated mechanism of anti-viral host defense. Further studies are underway to delineate the role of this mechanism in hepatitis C persistence and pathogenesis.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material. (A) Vesicular organelle fractionation on iodixanol gradient. Light mitochondrial pellets from liver homogenates of chloroquine pre-injected normal and IFN-α-and β-challenged, dTg mice were mixed with 20% iodixanol, and 20 fractions were recovered by gradient ultracentrifugation. The distribution profiles of LAMP1, calnexin, NS3 and MAVS were examined by western blot analysis of equal volume aliquots of the indicated fractions. (B) Sequestration of NS3 in autophagosomes was examined by LC3B pull-down. Aliquots (50-μl) of all NS3-positive iodixanol fractions from individual livers were pooled and immunoprecipitated with an anti-LC3B antibody, followed by immunoblot detection with anti-NS3. (C) Fusion of NS3-containing vesicles with lysosomes was examined by sequential Rab7 and LAMP1 pull-down. Aliquots (50-μl) of all NS3-positive iodixanol
